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Abstract
The recent Planck data on the power spectrum of temperature anisotropies of the
cosmic microwave background marginally support deviations from the ΛCDM model
at several multipoles. With a view towards current and forthcoming observational
surveys, we trace these features to other observables like the scalar bispectrum and the
tensor power spectrum. A possible detection of such bumps in these channels would
increase their statistical significance shedding light on the ultra violet mechanisms
responsible for their appearance in the data.
1 Introduction
Inflation [1] is currently the main paradigm of early universe dynamics compatible with the
current data which point towards a Gaussian and nearly scale invariant power spectrum of
the cosmic microwave background (CMB) temperature anisotropies [2]. Since the proposal
of the original idea in the 80’s there has been a vast variety of models realising it, many of
which draw inspiration from ultra violet (UV) completions of the QFT and GR frameworks
like string theory and supergravity.
An indispensable characteristic of these UV realisations is the presence of new high
energy degrees of freedom, whose interaction with inflation may leave imprints on the
CMB observables. Like in particle physics, where new particles appear as bumps over the
standard model background, such imprints would be manifested in small deviations from
the standard cosmological model. Indeed, this is exactly what the Planck satelite has
shown [3] reconfirming earlier observations from Wmap [4], a fact which has sparked an
intense effort to study these features [5].
The difference in the cosmological setup is of course that data are very hard to collect
resulting in a low statistical significance of at most 2σ of these bumps [6]. However, as in
particle physics, a way to increase the significance of deviations from the known model is
to look for them in different channels, or in the cosmological language, in different CMB
spectra.
The Planck mission is currently constraining the scalar bispectrum, while several on-
going and future surveys are looking for primordial tensor modes. In the meantime, a large
amount of data is expected in the next few years from large scale structure observations.
In anticipation of the coming data, we workout how these bumps in the power spectrum, if
real, would manifest themselves in the scalar bispectrum and the tensor power spectrum.
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2 Method
We are interested in computing how the presence of sharp features, which are produced
by a brief deviation of the inflaton from the slow-roll dynamics1, propagate from one
spectrum to another. Let us thus define two spectra as S1 and S2 and a set of parameters
i = {, η, cs}, where  = H˙/H2, with H denoting the Hubble scale, η = ˙/H and cs the
soundspeed of the scalar perturbations. The correlators Si could be any among the scalar,
tensor power spectra or higher point functions.
The effective field theory of inflation allows us to write down a model independent
Lagrangian describing the dynamics of curvature perturbations around the characteristic
energy scale of inflation, the Hubble constant H, which may be used to compute the
aforementioned correlators. Within this context, the idea is to setup an equation that
connects the scalar power spectrum to other spectra.
The relation is set up as follows:
? One splits the parameters of the Lagrangian into a slow-roll background and a fast
contribution. Then using the in-in formalism [7] one computes the corrections on
the slow-roll part of S1 induced by the fast-rolling parts of the theory. At this stage
one has equations of the form
∆S1 =
∫ ∞
0
dt Dt1(i) Rn, (1)
where ∆S1 is the correction on the spectrum S1, Dt1 is a diferrencial operator with
respect to time, while n ∈ N, is a number counting the order of the correlator S1.
? One then exploits the fact that the de Sitter mode functions R ∝ eikt contain the
Fourier measure. Using a trick to define parameters in the time interval [−∞,∞],
one may Fourier invert Eq. (1), ending up with formulas of the following type:
i =
∫ ∞
−∞
dk Dk2 ∆S1(k), (2)
that is, the parameters i are written as functions of the spectrum.
? One then computes another correlator, say S2, to obtain another equation similar
to (1):
∆S2 =
∫ ∞
−∞
dt Dt3(i) Rm. (3)
Finally, one substitutes the i’s from Eq. (2) obtaining formulas of the form
∆S1 = Dk4 [∆S2]. (4)
With such a formula at hand, one may compute how features in the spectrum S2
propagate to the correlator S1.
1Note that inflation is not interrupted by this mechanism. One can easily realise a setup where  remains
small but its derivative, encoded in η, gets large – O(0.5) – during a short time interval. This is enough
to produce features in the power spectrum.
2
3 Results
3.1 Scalar Power/Bispectrum Correlation
Here, based on Ref. [8], we apply the aforementioned algorithm to the case where S2 = PR
is the power spectrum and S1 = BR, the scalar bispectrum2. We assume that features are
present only in the Hubble parameters, while cs is kept constant
3. The result is:
BR(k1, k2, k3)∝
[(
1 + x2 + y2
) x+ y + xy
16
+
x2 + y2 + (xy)2
8
− xy
8
]
(1−nR)+xy
8
αR, (5)
where k1 = k, k2 = xk, k3 = yk and
1− nR = dlog k logPR , αR = d2log k logPR, (6)
are the spectral index and its running, respectively. Before applying it to real data, one
may first test the above formula. We did that using a typical model with a step in the
inflationary potential known to produce features. We computed numerically the left hand
side and the right hand side (RHS) of Eq. (5) and found excelent agreement. Next, we
may input the Planck power spectrum data into the RHS of our formula (5) and get a
prediction of the scalar bispectrum in the case of features in the Hubble flow parameters.
We present the results in Fig. 1.
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Figure 1: Left panel: bispectrum amplitude at the squeezed limit, k3 ∼ 0. The feature at
k = 0.06 Mpc−1 corresponds to the ` = 800, 2σ feature of the angular power spectrum.
Right panel: difference between featureless and featureful bispectrum amplitudes for the
scale k1 = 0.06 Mpc
−1. Red and blue contours indicate the ~k-regions where this difference
is nonzero by more than 2σ.
2In this work, we applied a different method in order to correlate the two spectra based on the generalised
slow-roll formalism [9]. However, the exact same formula has been obtained in [10] using the Fourier
inversion. Due to lack of spacetime, we have chosen to comment only on the latter, which we have also
used to obtain the rest of the results presented here.
3If features are present in both parameters, one can not invert Eq. (1) to get the relation (2). However,
this is possible if one assumes a relation between the two quantities [11].
3
3.2 Scalar/Tensor Power Spectrum Correlation
Next, based on Ref. [12], we apply the procedure to the case where S2 = PS is the scalar
power spectrum and S1 = PT is the tensor one. The result is:
∆PT = −6
∫∫
d ln k ∆PS , (7)
We see that features in the tensor spectrum are suppressed due to slow-roll, which was
known before [13], but also because of the integral structure of Eq. (7), which smooths
out any feature of PS . This indicates that, the tensor power spectrum remains practically
scale invariant even if the scalar spectrum admits scale dependent features.
Note that this statement does not categorically exclude local enhancements – i.e. fea-
tures – in the tensor spectrum4. It just says that under fairly general assumptions the
features appearing in the Planck data, e.g. the ` = 20 dip in the angular power spec-
trum, will not be observable in the tensor spectrum. Reversing the statement, the very
interesting case of the detection of a feature in PT at multipole ` = 20, would either
point to an astrophysical origin of the bump, or would be an indicator of a very exotic
inflationary model.
3.3 Features in the Bispectrum
Finally, based on Ref. [15], we want to see how features appear in the bispectrum if a
correlation between spectra is not possible because e.g. all parameters admit a brief period
of fast changes. Here, S1 and S2 are the bispectrum shape function evaluated at two mode
configurations with momenta k1 = k, k2 = x1k, k3 = y1k and p1 = k, p2 = x2k, p3 = y2k.
This leads us to two main results:
3.3.1 Bispectrum Consistency Relation for Features
If the background parameters experienced brief deviations from slow-roll during inflation
then the bispectrum should obey the following relation:
SR(k, x, y) =
[
α1S1(x, y)− α2S2(x, y)
]
SR
(
1 + x+ y
1 + x1 + y1
k, x1, y1
)
−
[
β1S1(x, y)− β2S2(x, y)
]
SR
(
1 + x+ y
1 + x2 + y2
k, x2, y2
)
, (8)
where α1,2 and β1,2 are parameters depending on x1,2 and y1,2 and the partial shapes S1,2
can be found in [15]. For example, fixing equilateral (x1, y1) = (1, 1) and flat (x2, y2) =
(1/2, 1/2) shapes, we obtain
SR(k, x, y) =
18(x+ y + xy)− 15(1 + x2 + y2)
(1 + x+ y)2
SR
(
1 + x+ y
3
k, 1, 1
)
− 16x+ y + xy − (1 + x
2 + y2)
(1 + x+ y)2
SR
(
1 + x+ y
2
k,
1
2
,
1
2
)
, (9)
4For example, in models with non Bunch-Davies vacuum, one can obtain observable features in PT [14].
4
implying that the amplitude of the bispectrum at any point (k, x, y) should be related to
the corresponding amplitudes evaluated at
(
1+x+y
3 k, 1, 1
)
and
(
1+x+y
2 k, 1/2, 1/2
)
. This
can be viewed as a consistency relation since it holds only in the case of features. We have
tested the above formula numerically using a simple step model as in Sec. 3.1.
3.3.2 Featured Bispectrum Templates
Motivated by the form of the consistency relation of Eq. (8), we may construct templates
for the featured bispectrum. We thus replace the amplitudes on the RHS of Eq. (8) with
a sine function which is a typical choise to model oscillating features in the spectra [16].
We have5:
Sαβ(k, x, y) = Sα1α2(x, y) sin
[
(1+x+y)ω1k+φ
]
+Sβ1β2(x, y) sin
[
(1+x+y)ω2k+φ
]
, (10)
where the partial modulating shapes, including the known – equilateral, orthogonal, flat-
tened – templates, can be found in [15].
Interestingly, the template contains two frequencies ω1 and ω2 stemming from the
factors 11+x1+y1 and
1
1+x2+y2
in the amplitudes involved in the consistency relation (8). In
our construction it is evident that oscillating features may involve as many frequencies as
couplings in the cubic Lagrangian. This is in agreement with the Planck results which
favour such a multifrequency distribution for features [16].
4 Concluding Remarks
If the deviations from the ΛCDM line observed by Planck and Wmap are real indicators
of new physics then they should also show up in other spectra. In these works we have
traced how features appear in different observables. We found that i) the bispectrum
should be enhanced around the scale k = 0.06 Mpc−1 if during inflation the Hubble pa-
rameters experience short deviations from slow-roll without interupting inflation; ii) the
tensor power spectrum remains scale invariance unless some exotic mechanism produces
the features; iii) in the case where all background parameters admit nontrivial time de-
pendence, the bispectrum obeys certain consistency relations. In the case of oscillating
spectra, there can be as much frequencies involved as cubic couplings in the Lagrangian,
while all the known templates may appear as modulating shapes.
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